Tg rasH2 transgenic mice and their wild-type siblings. p-Cresidine has been shown to be a bladder carcinogen in both mice and rats in routine bioassays conducted by the National Toxicology Program (NTP TR-142). The Tg rmH2 transgenic mouse was developed on a CB6Fl background (C57B116 X BALB/c) and contains a construct comprised of the normal human c-Ha-rus gene and its associated promoter/cnhancer maintained as a transgene. Wild-type CB6FI mice were also exposed at the same dose levels. p-Cresidine was administered as a dietetic admixture of 0.25 or 0.50% concentration, except for the first 2 wk of treatment when a11 p-cresidine-fed mice were exposed to 0.25% concentration to acclimatize the animals to the test article. Mice were supplied by the Central Institute for Experimental Animals, Kawasaki, Japan. Animals approximately 6 wk old were exposed for 26 wk.
This study investigated lectin histochemistry on colorectal tumors and inhibition effect of diallyl disulfide (DDS) on colorectal careinogenesis induced by 1.2-dimethylhydrazine dihydrochloride (DhlH) in rat. A total of 45 male Sprague-Dawley rats, 6 wk old, were divided into 3 treatment groups. The DDSDMH group and the DDS-alone group were given DDS intragastrically (50 mgkg in corn oil, 3 times a week) for 26 wk. DMH-alone group was given corn oil only. From the second week of the experiment, both the DDSDMH and DMHalone groups were given 1.2-dimethylhydrazine dihydrochloride subcutaneously (20 mglkg, once a week) for 10 wk. The DDS-alone group was given saline only. All rats were sacrificed at week 26. Adenoma incidences of colorectal tumor in the DDSDMH group were significantly decreased compared to the DMH-alone group (LJ < 0.05). The number of aberrant crypt foci observed in the DDSDMH group was slightly decreased compared to that of the DMH-alone group. In the lectin histochemistry of adenocarcinoma, the affinity of a-L-fucose was increased on the luminal surface of crypt and connective tissue, whereas the affinity of a-N-acetyl galactosamine was increased only in connective tissue. These results suggest that rat colorectal tumors change a-Lfucose and a-N-acetyl galactosamine affinity in the crypt of adenocarcinoma, and DDS shows an inhibition effect on colorectal tumor carcinogenesis in rat.
Differential follicle counts for evaluating ovarian injury in rodent bioassays have been obtained by enumerating 3 follicle classes from every tenth 6-pm-thick section of a serially sectioned ovary stained with hematoxylin and eosin. In this study, ovaries of adult Sprague-Dawley rats (n = 20) yielded 530 2 9 sections per ovary, of which 420 2 10 contained at least 1 follicle and 330 2 12 contained 6 or more. Multifollicle core sections contained more than 94% of all follicles in 91% of rats. Using follicle diameter and structure as criteria (I), differential follicle counts (small, growing. antral) were obtained in 10 rats using several random (1, 5, or 10% of sections) and nonrandom (5, 10%) sampling paradigms. Total (small .+ growing + antral) and nonantral (small + growing) counts were calculated posr IJOC for selected ovaries.
Differential, nonantral, and total counts were similar regardless of sampling paradigm. Data from 5 and 10% samples indicated that 3 to 8 rats were adequate to provide 90% confidence that a 20% difference in mean counts would be detected; the 1% sample had a larger error term which necessitated increasing the sample size by 2-to 3-fold to achieve the same power. A subsequent pilot experiment (n = 3 rats) indicated that total and nonantral counts could be acquired 50 and 25% faster, respectively, than could differential counts. These data support 3 conclusions. First, differential follicle counts obtained from random samples of 5 and, in some cases, 1% of all serial sections can provide a statistically valid assessment of follicle numbers. Second, acquisition of total or nonantral follicle counts in lieu of differential counts greatly reduces counting time. Finally, these data imply that a similar result would be obtained with an estimated 2-to 4-fold decrease in sectioning time if multifollicle core sections were sampled by dividing ("butterflying") or quartering the ovary before embedding.
1. Bucci TJ, Bolon B, Warbritton AR, Chen JJ, Mattison DR, and Heindel JJ (1968 Protein kinase C (PKC), a family of ubiquitous lipid-dependent isoenzymes, plays a central role in the control of cellular function. Activation of PKC in the kidney leads to the phosphorylation and modulation of Na+/H+ exchange, Na+/K+-ATPase, and a variety of sodiumdependent cotransporters and the synthesis and secretion of hormones, kinins, prostaglandins, and vitamin D. A well-characterized mode of activation of PKC is the translocation from cytosol to plasma membrane in the presence of activators. PKC is also translocated to the nucleus, and endogenous location of PKC in the nucleus has bcen documented. Chronic administration of cadmium (Cd) causes its accumulation in the kidney and necrotic damage to the renal tubular epithelia. Cd is, however, taken up by cultured proximal tubular cells within l hr to almost maximal levels within 4-6 hr. Cd has also been shown to induce activation of nuclear PKC in fibroblast 3T3/1041 cells, but this has never bccn shown in kidney cells. \Ve therefore took proximal tubular cell lines of Opossum Kidney (OK) and Normal Rat Kidney (NRK), exposed them to Cd, and measured the changes in PKC profile.
The cells were transferred into a serum-free medium 24 hr prior to the addition of ligands. PKC was purified from cell lysates by binding to DEAE and eluted in batch with high salt gradient; activity was measured as the transfer of )*P-ATP to acceptor protein histone 111s. 12-0-tetradecanoyl-13-acetate (TPA, 100 nai) induced a marked translocation of PKC within 20 min in both NRK and OK cells as shown by depletion in the cytosolic fraction (>85% compared to control) and an increase (>2-fold) in the particulate fraction. Cd (50 p h i ) failed to induce translocation of PKC up to 4 hr. PKC activity of cell nuclei was extracted in 2 fractions: first in a chelator (EDTA. 2 m i ) extractable fraction (CEF) and second in a nonchelator (1% Triton X-100) extractable fraction (NCEF). TPA alone, but not Cd, induced a rise in NCEF PKC activity (2-fold) and a depletion in CEF PKC activity (>go%) in both OK and NRK cells. Incubation of cells with Cd for 1 hr and additions of TPA 20 min prior to termination of incubation caused a significant augmentation of TPA response (4-fold higher than control compared to 2-fold with TPA alone). The potentiation effect of Cd was not seen with Ca2+ ionophore A23187 (1 phi), and Cd also did not induce a significant increase in TPA translocation of PKC to the particulate fraction. These results show for the first time that Cd modulates phorbol ester activation of nuclear PKC in proximal tubular cells and that Cd-induced nephrotoxicity may be explained in terms of altering the cellular signaling pathways.
These investigations were supported by the HEFCE and the European Commission. The Zucker diabetic fatty rat (ZDFIGMI-fa) is an obesity-linked model of noninsulin-dependent diabetes (NIDDM) having hyperglycemia, hyperlipidemia, and glucose intolerance, many properties associated with human NIDDM. Differences from human NIDDM are mainly in the pathology of peripheral complications. Breeding the ZDF with the spontaneously hypertensive rat (SHHFlGMI-f@), a model of heart failure, produced new models of NIDDM.
Female SHHF X male ZDF (SZ) and female ZDF X male SHHF (ZS) hybrid rats develop long-standing hyperglycemia (>300 mg/dl vs -150 mg/dl in normal animals). Development, extent, and persistence of hyperglycemia depended on the cross, sex, and diet (normal chow [6.5% fat] vs specially formulated high fat [48%] chow). Male S Z and ZS hybrids became hyperglycemic on both diets; the high-fat diet exacerbated hyperglycemia. Female S Z hybrids became hyperglycemic on the high-fat diet only; female ZS hybrids remained normoglycemic on both diets. All rats were obese (0.75-1 kg). All animals examined histopathologically were 30-54 wk old; female ZS rats were not available for histologic evaluation. In both hybrids irrespective of blood glucose levels, pathologic lesions were similar. Pancreatic islets were variably sized and irregularly shaped with increased fibrosis. Islet cells were hypertrophic and hyperplastic with finger-like outgrowths between adjacent exocrine acini. Anti-insulin, anti-glucagon, and anti-somatostatin antibodies demonstrated abnormal distribution and proliferation of all 3 cell types. Overt signs of heart failure were not noted clinically or grossly but hearts were enlarged and roundcd with hypertrophic cardiomyocytes; occasionally there was ventricular dilatation. Kidneys had lesions characteristic of chronic progressive nephropathy; severity increased with time so that by 1 yr most rats had moderate to severe nephropathy that correlated with increased BUN. Cataracts were common. Melanin deposits in pituitary pars intermedia were unusual in these albino animals. Though these crosses show physiologic differences in glucose metabolism, histopathologic assessment did not define substantial morphologic differences between hybrids or between normoglycemic and hyperglycemic female S Z hybrids.
In this study, we analyzed immunohistochemical visualization of proliferating cells in the rat kidney by anti-bromodeoxyuridine (anti-BrdU) and anti-proliferating nuclear cell antigen (anti-PCNA) and histopathologic features after 3 wk of treatment of a known nongenotoxic carcinogen, 1.4-diehlorobenzene (DCB). Forty-eight 8-1 I-wk-old F344 rats were housed in groups of 5 : 4 ratslsex for Group 1 (no oral treatment; no subcutaneously implanted minipump [SIM]), Group 2 (corn oil orally, 5 mllkg, 5 days/wk for 3 wk; SIM loaded with phosphatebuffered saline [PBS] for last 3 treatment days), Group 3 (no oral treatment; SIM loaded with anti-BrdU 20 mglml for last 3 treatment days), Group 4 (DCB orally, 300 mglkg, 5 days/wk for 3 wk; SIM loaded with PBS for last 3 treatment days) and 8 ratslsex for Group 5 (DCB orally, 300 mg/kg. 5 dayslwk for 3 wk; SIM loaded with anti-BrdU 20 mglml for last 3 treatment days). After necropsy, kidney sections were stained with hematoxylin and eosin (H&E), anti-BrdU (all groups), and anti-PCNA (Groups 1, 2, and 4). By H&E staining, the microscopic changes in the kidney of DCB-treated males (not females) consisted of multifocal hyaline droplet accumulation and regeneration of proximal tubules. The kidney changes in the control males were scant. Increased anti-BrdU and anti-PCNA labeling occurred in epithelia of proximal tubules of DCB-treated male rats. The labeling indexes (the pcrcent labeled nuclei in a population of 2,000 cells) for anti-BrdU (17.80%) and anti-PCNA (5.88%) were also significantly higher than that of control values (2.35% and 1.54% for anti-BrdU and anti-PCNA, respectively). The index profile by anti-BrdU immunolabeling was significantly different from that obtained by anti-PCNA visualization. In females, labeling of anti-BrdU and anti-PCNA in proximal tubules was scant in both control and DCB-treated rats. In this study, both antiBrdU and anti-PCNA yielded material with positively stained nuclei with minimal background stains, which permitted rapid and reproducible assessment of cell proliferation. The data also suggest that the antiBrdU immunolabeling method may be more sensitive in the detection of proliferating renal epithelia than anti-PCNA immunolabeling. Measurements of cell proliferation are regarded as potentially valuable indicators of early biological responses of target organs to nongenotoxic carcinogens. Proliferating cell nuclear antigen (PCNA), a nucleoprotein, is regarded as a naturally occurring cell proliferation marker. The major problem involved in PCNA analysis is the loss of immunoreactivity in tissues that have been fixed in formalin for several days or weeks. A recent method to retrieve antigen by microwave (MW) pretreatment seems to obviate the loss of immunoreactivity in formalinfixed archival tissues. In this study, we analyzed the effect of MW irradiation on PCNA immunoreactivity of 48-hr formalin-fixed, paraffin-embedded rat liver sections. Six F344 male rats age 8-1 1 wk, 150-225 g body weight, were housed in 2 groups. Three males (treatment group) received 1.4-dichlorobenzene (DCB). 300 mg/kg in corn oil, 5 dayslwk for 3 wk, by oral intubation. The remaining 3 males (control group) were given the vehicle only (corn oil) by the same route. Slices of liver (left and right lobes) were promptly immersed in 10% neutral buffered formalin and fixed for 48 hr at room temperature. After conventional processing, replicate liver sections were subjected to immunohistochemical staining of PCNA (avidin-biotin-peroxidase method, Vector Labs, CA) using the following protocols: (a) without MW pretreatment (WMWP); (b) MW pretreatment with antigen retrieval solution (MWPAR) twice, 5 min each time with 1 min resting time between; and (c).heating with p r e w m e d antigen retrieval solution (HAR) at 90°C for 5 min. The intensity of PCNA immunolabeling in liver sections of WMWP and HAR methods was comparable. The labeling indexes (the percent labeled nuclei in a population of 1,000 cells) of DCBtreated liver sections were 0.63 and 0.47% for WMWP and HAR, respectively. None of the control liver sections were immunolabeled by either WMWP or HAR methods. In contrast. MWPAR resulted in a demonstration of nonspecifically stained nuclei; the labeling index was 100% for both control and DCB-treated liver sections. In conclusion, we have demonstrated nonspecific immunolabeling of PCNA-positive (PC-10) nuclei in the 48-hr fixed liver sections that were subjected to MW antigen retrieval method. Therefore, cautious interpretation of results are necessary for 48-hr formalin-fixed, paraffin-embedded liver sections. General anxiety in humans was treated for a long time with benzodiazepines that offer some undesirable side effects. A novel class of compounds, the azaspirodecanedions, of which buspirone (BMS) is the prototype, acts with B reduction of serotonin transmission. Ipsapirone also represents a serotonin (5-HT,,) receptor agonist and was under development as an anxiolytic drug. Both ipsapirone and buspirone share the same endogenous metabolite 1-(2-pyrimidinyl)-piperazin (1-PP).
Wistar rats were treated with ipsapirone in dosages up to 4,500 ppm. Clinically, the animals showed reduced body weight gain, reduced water intake, reduced urine flow, and a corresponding increase in urinary osmolality and a decrease in urinary electrolyte excretion. Histopathologically, cellular swelling and vacuolation of renal medullary and papillary collecting duct epithelium (MCD) were observed. These changes ensued after 1 wk of dosing and were localized in the inner medullary collecting ducts. Longer treatment periods revealed that these changes proceeded from proximal to distal approaching the papillary collecting ducts. Treatment of rats with the metabolite I-PP produced similar findings. After 13 wk of treatment with ipsapirone, the first signs of early papillary necrosis were noted. Complete papillary necrosis was observed in some cases after long-term administration.
Enrichment of the drinking water with either NaCI, NH,CI, NaHCO,, or KCI at the same time as treatment with ipsapirone was shown to prevent the occurrence of vacuolar swelling of the MCD. In contrast, AVP-deficient Brattleboro rats treated with ipsapirone revealed vacuolar swelling of the MCD, although these animals showed an extremely high urine flow and excreted a highly dilute urine. Rats treated with 4,500 ppm ipsapirone showed a sharp and transient rise in urinary endothelin excretion on day 3. Concomitantly, urinary PGE, levels were elevated. Because endothelin is known to act in the inner MDC region as a Na+-K+-ATPase inhibitor (via PGE,), the hypothesis is put forward that the vacuolar swelling is induced by local endothelin action. Cyclooxygenase (prostaglandin endoperoxide synthase) catalyzes the committed step in prostaglandin biosynthesis. Recently, it has become obvious that mammalian cells contain 2 related but unique isozymes of cyclooxygenase (COX-1 and COX-2). COX-1 is constitutive and prostaglandins produced .by it are involved in mediating physiologic responses (the housekeeping functions). COX-2 is inducible and prostaglandins produced by it are considered to be involved in the secondary elaboration of physiologic events such as inflammation. The renal side effects of traditional nonsteroidal anti-inflammatory drugs (NSAIDs), including renal papillary necrosis, are widely known and are considered to occur secondarily to NSAID-related decreases in renal prostaglandins (PGE, and PGI,) . It is likely that these effects are mediated via effects on COX-1 or COX-2. The renal profile of COX-1 and COX-2 (message and product) will provide valuablc information to understanding the potential pathogenesis of the side effects of NSAIDs on the kidney as well as to differentiate marketed nonselective COX inhibitors with new selective COX-2 inhibitors. In this study we characterized the localization of COX-1 and COX-2 in different regions of the kidney of Beagle dogs, Sprague-Dawley rats, rhesus monkeys, and humans. The kidney specimens were collected from essentially normal primates, water-de-prived rats, and sodium-depleted dogs into molecular-biology-grade Strecks fixative or frozen in liquid nitrogen. The kidneys were evaluated using one or more of the following procedures: immunohistochemistry, in sirir hybridization, and reverse transcriptase polymerase chain reaction (rt-PCR). These analyses indicate that both COX-1 and COX-2 are present in the kidneys of the above species: COX-I is primarily localized in the collecting ducts in the renal medulldpapilla. whereas COX-2 is present in the macula densa, thick ascending limb of Henle, and interstitial cells in the renal papilla. The COX-2 expression is markedly increased in sodium-depleted dogs in the macula densa and thick ascending limb of Henle, but not in papillary interstitial cells. This differential expression of COX-1 and COX-2 suggests that the two isozymes are involved in different primary and secondary physiologic functions in the kidney. To date, studies have evaluated HO-1 expression after hyperthermia and ischemia, but not after neurotoxic injury. Because there is minimal constitutive expression of HO-1 in the rat brain, induction of this protein after injury may be an easily detectable marker of neurotoxicity. Our previous studies have shown that HO-I is induced in uncharacterized glia by 3-acetylpyridine (3-AP), a nicotinamide antagonist that selectively injures specific brain stem target neurons (principally the inferior olivary complex or IOC). The purpose of the present study was to determine whether the expression of HO-1 in the IOC after 3-AP treatment was in astrocytes, microglia, or both. Young male Long-Evans rats were given vehicle or 70 m a g 3-AP (a dose known to produce robust expression of HO-1 in the IOC) and sacrificed 24 hr later by whole-body perfusion with 4% paraformaldehyde. Vibratome sections 60 p m thick were made through the IOC. Sets of floating tissue sections were double-labeled with primary antibodies to glial fibrillary acidic protein (GFAP-an intermediate filament specific for astrocytes) and HO-1 or primary antibodies to complement receptor 3 (C3R-a cell membrane protein specific for microglia) and HO-1. For double immunofluorescence, FITC-and TRITC-labeled secondary antibodies were used to detect HO-1 and GFAP or C3R. respectively. After screening by routine light microscopy, slides were evaluated using a confocal laser scanning microscope equipped for simultaneous dual-channel data collection. 3-AP produced strong induction of glial cell HO-1 in the IOC. Evaluation of double-labeled slides revealed considerable coexpression of HO-1 in glia positive for GFAP (morphologic features characteristic of astrocytes). Minimal coexpression of HO-1 was observed in cells labeled with C3R (morphologic features characteristic of microglia). These data suggest that at least in the IOC, HO-1 expression occurs in astrocytes after 3-AP treatment. If additional studies indicate that HO-1 induction is consistent with these preliminary data, then HO-1 may have utility as a specific marker for detecting astrocytic responses to neurotoxic injury.
Urinary Enzyme Evaluation of Nephrotoxicity in Dogs
E A. S . CLEMO, Department of Drug Safety Evaluation, Pfizer Central Research, Groton, Connecticut 06340
Over the past 20 yr, increased attention has been directed toward evaluation of urinary enzymes as markers of nephrotoxicity in dogs because the'technique is noninvasive and more sensitive than the more commonly used conventional tests of renal function. Urinary enzymes also have the potential of determining the primary site of renal damage because different sections of the nephron have a characteristic complement of enzymes. Increases in brush border enzymes, including gamma glutamyl transferase (GGT), alkaline phosphatase (ALP), and leucine aminopeptidase (LAP), have been associated with renal proximal tubular damage, whereas increases in N-acetyl-P-D-glucosaminidase (NAG) have been observed in early stages of renal papillary necrosis. In the dog, urinary enzymes have bcen particularly useful in the detection of acute renal damage, specifically tubular damage; however, they can also provide information about recovery and progression of renal damage. Although elevation of certain enzymes appears to be a relatively sensitive measure of nephrotoxicity in dog, there is no current agreement regarding which enzymes assays are the most appropriate for routine use. In addition, elevation of a single enzyme is of limited diagnostic value in detection of renal damage because spurious increases in urinary enzymes do occur in normal dogs. Therefore, if one wants to conduct special assessment of nephrotoxicity in dogs, evaluation of several enzymes at multiple time points is needed to compensate for normal enzyme variation and to identify potential anatomic site selectivity of the toxin. In order to determine suitable standard operating procedures for the application of cell proliferation markers to animals in routine regulatory toxicology studies, various routes and durations of administration by bromodeoxyuridine (BrdU) were evaluated. Similarly, various fixation regimes were evaluated for both BrdU and proliferating cell nuclear antigen (PCNA). The routine technical procedures adopted as a result of these studies will be described.
Recent Experience with Cell Proliferation Markers for
Standard staining methods for PCNA in mouse tissues were unaffected by variation of the duration of fixation in neutral buffered formol saline. However, no staining was elicited for BrdU when the route of administration was by mouth in drinking water or by intraperitoneal injection 24 hr before sacrifice. When BrdU was administered by intraperitoneal injection 2 hr before sacrifice, the technique was reliable. It is concluded that BrdU, when given by intraperitoneal injection near to sacrifice, and PCNA are both reliable markers for cell proliferation and can be readily incorporated into routine toxicology studies. Furthermore, the variation in fixation times, likely required to allow staining of batches of slides, do not affect the results of the stain.
Spontaneous Iron Overloading and Hepatocellular Proliferative Lesions in Sprague-Dawley Rats R. MASSON AND N. 0. ROOME, Pathology Group, Drug Safety Department, Synthilabo Recherche, 78440 Gargenville, France
We have identified the presence of spontaneous iron overload in Sprague-Dawley CD rats studied in our laboratory (Iffa Credo, France). This alteration is seen initially from the age of 9 wk and is found at all ages used in regulatory studies including 104-wk carcinogenicity studies. In a review of carcinogenicity studies performed in our laboratory from 1986 to 1995, we studied the frequency of both preneoplastic and neoplastic lesions of the liver associated with iron overloading in 1,419 animals.
Iron is reported to have genotoxic and mutagenic properties, and can potentiate the effects of some carcinogens. In humans, severe iron overloading of the liver is associated with an increased risk of hepatocellular carcinoma. In this survey, animals with spontaneous iron overloading of the liver did not show any increased tumor incidence compared to normal animals. Foci of cellular alteration and tumors showed a marked decrease in iron content, compared to the surrounding parenchyma. This observation concurs with experimentally induced iron overload. corroborating the usefulness of iron as a tool for identifying preneoplastic foci. The cotton rat (Signtodort hispidirs), a New World rat weighing -100 g, is finding an increasing use in safety evaluation and is now commercially available. This animal has been used for many years in the field of virology because it is known to be susceptible to many human viruses. This susceptibility has led to its use as a model for evaluating the safety of adenoviruses for potential use as vectors for gene therapy products. In many of these types of studies, the material is administered to the respiratory tract and histopathology is therefore confined to that system. In a series of safety studies, we have been able to examine a full range of tissues and have found some interesting features. The animals are extremely excitable and can jump to great heights. It is not surprising, therefore, to find lesions such as broken limbs or even broken backs. A less obvious traumatic lesion was encountered in two animals in a recent study in which there was a rupture of the aorta.
Observations on Some Unusual
The cotton rat has a gall bladder which appears to have little function. It is often degenerate and is prone to autolysis if fixation is not optimal; the surrounding parenchyma also is often degenerate. Bile plugs and portal inflammation were common in this series of studies. Several control rats showed small-to moderate-sized areas of coagulative necrosis of the liver.
Major changes were seen in the hearts in many animals. Lesions of foci of myocardial degeneration and fibrosis of various sizes were frequently accompanied by mineralization. In some of the older rats examined, the areas of myocardial degeneration were extensive, involving the whole heart. The general structure and minor incidental changes in the other organs appeared very similar to those of other rats and mice. Proliferative melanotic lesions occurring in Brown Norway (BN) and Brown Norway X Fisher 344 (F,BNF) rats during lifetime studies on the effects of diet are reported. In rats fed ad libirrini or restricted to 40% of recommended dietary intake, 2 hyperplastic lesions and 17 melanomas involving primarily the skin and eyes we observed. All melanomas were considered malignant. One hyperplastic lesion occurred in the eye of a BN female and another involved the eyelid of an F,BNF female. Fourteen of 17 melanomas were noted in v i w or at necropsy-1 1 as dark, black, or mottled skin lesions; 2 as opaque or black eye; and another involving the cerebrum of an F,BNF male at necropsy. The overall incidence of melanomas was 4 in 586 (0.7%) BN rats (294 males, 292 females) with no effect of ad libirunz (AL) vs dietary restriction (DR) and 13 in 605 (2.0%) FIBNF rats (305 males, 300 females). Diet-restricted F,BNF male rats had 3 times the melanoma incidence found in AL males (7 vs 2). In contrast, AL vs DR had no effect on melanoma incidences of BN (2) and F,BNF (4) females. The earliest proliferative melanotic lesion was observed at 1.5 yr in a DR F,BNF female rat. Subsequently, 6 melanotic lesions were observed in FIBNF rats between 1.5 and 2.5 yr of age and 7 at >2.5 yr. Melanomas in BN rats occurred between 2.7 and 3.7 yr of age. Overall. BN rats developed fewer melanotic lesions compared to F,BNF rats (4 vs 13). Male FIBNF rats had a great incidence than females (9 males vs females). Male and female BN rats were affected the same (2 males, 2 females). Anatomically, 9 melanomas involved the head, including skin, eyes, pituitary gland, and brain. Seven melanomas occurred in skin adnexal glands of the inguinal region and 1 on the skin of the back. Hyperplastic lesions consisted of aggregates of polygonal melanocytes filled with pigment. Melanomas were comprised of variably pigmented aggregates of uniformly polygonal melanocytes or pleomorphic polygonal and spindle-shaped melanocytes. These lesions, examined using standard immunocytochemistry techniques. were positive for S-100, vimentin, and desmin reactions. They were negative for cytokeratin, epithelial membrane antigen, and neurofilament reactions. In parallel studies employing 1,480 Fisher 344 rats with sexes equal, no melanomas were observed. The BN and F,BNF rats developed a greater number of melanomas than were reported in Fisher 344, Wistar, and SpragueDawley strains. Dietary restriction resulted in increased survival in both strains and a longer time for melanoma development. However, only F,BNF dietary-restricted males showed an increase in melanomas vs ad Iibirtirti cohorts. The chronic effects of 40% dietary restriction on survival, body weight, and neoplastic lesions were evaluated in 586 Brown Norway (BN) and 605 F, BNF ([Fisher 3441 X BN) rats fed NIH-31 diet either ad libirrrni (AL) or restricted (DR). Approximately equal numbers were allocated for a lifetime study and scheduled removal at 6-mo intervals. Data were tabulated for all animals except mean lifetime and mean body weight, which include only the lifetime group (see Table I ). Mean and maximal lifetime increases for DR groups corresponded to a lower mean body weight. Among unscheduled BN and F,BNF deaths in the longevity group, AL males were the shortest lived followed by AL females, DR males, and DR females. Fifty-five BN AL and 132 DR rats survived >30 mo whereas 73 F,BNF AL and 176 DR rats survived >30 mo.
Spontaneous Proliferative hlelanotic Lesions in Ad
Overall, DR females survived longest, although 1 DR F,BNF male survived 223 wk and 1 DR BN male survived 195 wk. The neoplasm incidence in BN rats was 66% greater in AL (63%) vs DR (38%). and 34% greater in F,BNF AL (78%) vs DR (58%) rats. Malignant neoplasms were increased 106% in AL (35%) vs Dr (17%) BN rats, and a 37% increase occurred in F,BNF AL (37%) vs DR (27%) rats. Benign This case report describes 2 types of liver neoplasms, hepatocellular carcinoma and clear-cell adenoma, in a bowfin Amio cuhw collected from Devil's Swamp in the Mississippi River Basin. Devil's Swamp is contaminated with hexachlorobenzene (HCB), hexachlorobutadiene (HCBD), polychlorinated biphenyls (PCBs), and a variety of heavy metals. The bowfin is a primitive, air-breathing bony fish belonging to the order Amiiformes. Fish were caught by electroshocker and brought to the laboratory on ice on the same day for evaluation. One female bowfin, 79 cm in total length and weighing about 5,259 g, had a circular nodule measuring about 1.5 cm in diameter on the visceral surface of the liver. In addition, several greyish yellow foci of various sizes were observed on both parietal and visceral surfaces of the liver. Histopathologic diagnosis of this nodule was a hepatocellular carcinoma. There were several foci of clear-cell adenomas. Melanomacrophage aggregates and hepatocellular iron deposits were seen in the nonneoplastic areas of the liver but not in the neoplasms. Another striking lesion found in the liver of this bowfin was adenofibrosis around large veins. Chemical analyses of the muscle revealed 35 and 711 ppb HCB and HCBD, respectively. Both HCB and HCBD are classified as probable and possible human carcinogens, respectively, by the U.S. Environmental Protection Agency. This is the first malignant neoplasm reported in the bowfin.
Supported in part by a grant from Department of Energy. It has been reported that passive integrated transponder implants used for identification cause little or no tissue reaction in mice after 2 yr or in rats after 1 yr. In a 103-week dietary study conducted in 400 male and 400 female B6C3FlICrlBR VAF/Plus mice, subcutaneous tumors associated with the implanted transponder were observed in 16 animals (2%) between weeks 79 and 105. All tumors were observed in the dorsal shoulder region at or near the implantation site. Some masses became large enough to inhibit the animal's access to its feed jar. At necropsy, the tumors were firm and thinly encapsulated and were attached to the implant or partially or totally encased the implant. Although most were loosely attached to the underlying subcutis, some were firmly attached to or invading into the adjacent skeletal muscle.
Microscopically, all tumors were composed of spindle-shaped cells densely packed in interlacing bundles. These neoplasms, diagnosed as fibrosarcomas, were remarkably similar in appearance, having pelomorphic fusiform cells with large nuclei and prominent nucleoli. Mitotic figures were common and were often atypical. Necrosis and hemorrhage with variable amounts of inflammation were common in the larger tumors. Some of the neoplasms were somewhat circumscribed, whereas others were locally invasive into adjacent skeletal muscle. Two animals had metastases to regional lymph nodes or to the lungs. Fibrosarcomas were also seen in the skin or skeletal muscle of four other animals, but these were not found in the vicinity of the implant. The tumors associated with the implants were found in control and treated animals and were considered unrelated to the test material. We have identified these implant-associated tumors only in this B6C3FI/CrlBR strain of mice and not in any studies using the Cr1:CD-I strain. Thus, there may be a strain susceptibility difference between strains of mice. Another laboratory has also recently reported the occurrence of implant-associated tumors in mice (1); however, the overall incidence was low (<I%), and the strain was not identified in the abstract. This report presents observations on glomerular lesions in 4,300 (2,150 males and 2,150 females) B6C3F1 mice used in 2-yr carcinogenicity and chronic toxicity studies in our laboratory. Glomerular lesions can be divided into 3 classes. (a) Hyaline glomerulopathy was found only in 7 females. The lesion is characterized by prominent hyalinization of the glomerular tuft, positive for polyclonal anti-mouse IgG-IgM-IgA cocktail but negative for amyloid by Congo red. (b) Glomerulonephritis was observed in 13 females and 7 males and characterized by inflammatory cell infiltration in glomeruli. (c) Glomerular lesions associated with chronic nephropathy was seen in 19 females and 44 males. The lesions are characterized by thickening of basement membrane, sclerosis, adhesions of Bowman's capsule, and vacuolic change of the glomerular epithelial cells. Chronic nephropathy in B6C3F1 mice was also compared with chronic progressive nephropathy in F344 rats. Chronic progressive nephropathy of F344 rats was seen more in males than females. The primary lesion secmed to be a glomerular basement membrane followed by prominent tubular and interstitial lesions. On the other hand, chronic nephropathy of B6C3F1 mice, seen more in males than females, showed no apparent primary changes at the glomerular basement membrane. Lymphocytic infiltration was prominent in B6C3Fl mice, but tubular lesions and fibrosis were not as marked as in F344 rats. The results of immunohistochemical examination and specific stains (PAS, colloidal iron) on the kidney also suggested the difference in pathogenesis of chronic nephropathy in B6C3F1 from F344 rats.
Spontaneous and induced glomerulonephritis are reported to be seen in various strains of mouse. However, glomerulonephritis of aging B6C3F1 mice should be distinguished from the other glomerular lesions, including hyaline glomerulopathy and chronic nephropathy.
The Development of "Mesenchymal Lesions" in the Mouse Urinary Bladder E. KARBE, PH-PDT Toxicologic Pathology, Bayer AG, Aprather Wee, D-42096 Wuppertal, Germany "Mesenchymal tumors" have been described under various names in the literature and are known to occur in some strains of mice more frequently than in others. Investigations on the occurrence of these lesions in our NMRI mice led to the following results: (a) mice up to 3 mo old, toxicity studies did not reveal the lesion. (b) Step-sections of 20 urinary bladders designed to search for these lesions revealed 5 typical or similar microscopic findings in 4 9-mo-old male mice (breeders, necropsied in 1985) . (c) mice up to 14 mo old (necropsied 1982-1989) . toxicity studies revealed a lesion up to 2 mm in diameter in a control female. (d) mice up to 26 mo old (necropsied 1983-1990) , the highest incidence observed was 6 of 50 control males affected in one carcinogenicity study. Diameters in controls reached 6 mrn (21 mo) and 9 mm (23 mo). There was a higher incidence in males.
Thus in our experience, "mesenchymal lesions/tumors" can occur spontaneously as early as 9 mo of age in untreated males. Some lesions show mitotic activity; others may partly regress. There appears to be infiltrative growth; however, the lesions do not grow beyond the urinary bladder and metastasis is lacking. Therefore, these lesions are not malignant and, due to spontaneous regression, may not even qualify as neoplasms. A hypothesis about the cell type involved will be presented. Troll% minipigs were treated with a preventive iron-dextran administration during their first days of life comparable to the dosage normally given to pigs of farm breeds. Months Inter, histopathqlogic investigations revealed siderin accumulation in a number of organs, namely in the MPS cells of liver and kidneys. As a unique finding, an intraglomerular siderin deposition in the mcsangial cells with subsequent glomerulosclerosis was observed in some cases. This finding seems to be species specific, because no such finding is reported in other species even if used as a model for iron overload. A possible explanation for the iron accumulation is the age of the glomeruli which are only partially mature at the time of administration (2-4 days p.p). Moreover, hematologic data make it conceivable that the Fe-binding capacity of the transfcrrin is exhausted so that the administered iron is not mobilized. Therefore, iron overdosing in the first days of a minipiglet's life should be strictly avoided. Repeated administration of low doses of an iron dextran complex during the first months of life seems to be more appropriate. In a recent toxicologic study for a new pharmaceutical drug performed in beagle dogs, 2 treated females revealed karyomegaly of the proximal tubular epithelium of the kidneys. Enlarged and polymorphic nuclei protruded into the tubular lumen and were diffusely distributed bilaterally in the renal cortex in a low-dose animal and to a larger extent in an animal of the mid-dose group, suggesting a possible treatmentrelated finding. Inquiries revealed that the fernales were litter mates. In addition, in a previous study performed with dogs of the same source (BOR:BEAG), the same finding was observed also in 2 dogs from 1 litter. A direct relationship of all 4 dogs from both studies could be established in the great-grandparent generation.
Karyomegaly of the proximal tubular epithelium is mainly described as a sequela to treatment, e.g., with mycotoxins. The intention of this publication is to report on this rare spontaneous and probably inherited lesion that, in case of uneven distribution among groups, may lead to misinterpretation of this change in toxicologic studies.
Case Report on Lipomatous Tumors in the Kidney of the Rat K. SUGl\lOTO, T. HARADA. AND K. MAITA. Institute of Environmental Toxicology, 2-772, Suzuki-cho, Kodaira-shi, Tokyo 187, Japan Lipomatous tumors have been described in some strains of rats but are less common than epithelial tumors. Twenty-two cases of renal lipomatous tumors (16 lipomas and 6 liposarcomas) were obtained from 9,280 rats (4,640 males and 4,630 females) used for 22 2-yr chronic toxicitylcarcinogenicity studics conducted at our laboratory during the last 12 yr (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) . Lipomas were grossly detected as white areas or masses less than 10 mm in diameter. Microscopically, small lipomas were confined to the outer medulla in the kidney, but larger ones extended into the cortex and often formed cysts of various size. Lipomas were relatively uniform lesions comprising aggregates of mature lipocytes containing large lipid droplets. Liposarcomas formed large masses ranging from 30 to 60 mm in diameter. The tumor cells extended into the cortex and the pelvis and included mature lipocytes, lipoblasts of various stages of differentiation, and primitive mesenchymal cells. The lipobkkts took the form of either signet-ring cells with a single large lipid droplet and peripherally disposed dense nucleus or foam cells in which the cytoplasm was filled with small, poorly defined fat droplets. The mesenchymal cells showcd stellate or spindle shapes without cytoplasmic vacuolar inclusions or with only tiny lipid droplets. Liposarcomas often contained large cysts, areas of hemorrhage and necrosis, and hyperplastic tubular and/or pelvic epithelia. hletastases to the lung or intra-abdominal tissues were seen in 3 of 6 liposarcomas. In 1 of 3 metastasized liposarcomas, both epithelial and fatty cell components embolized to large arteries in the lung. t-BH induced a dose-dependant decrease in formazan formation in kidney and liver slices, which was statistically significant at 20.5 mar. The hlDA generation was significantly increased with 2 1 mhi in both liver and kidney slices. LDH leakage was more pronounced in liver slices (20.5 mai), whereas kidney slices did not show any change up to 1 m\r. There was marked depletion of GSH in kidney slices at 20.5 mhi t-BH, but liver slices showed significant depletion at only 1 mai. CPZ (30-100 phi) modulated the cytotoxic effects of a fixed concentration of t-BH in kidney and liver slices differently. There were no significant changes in formazan production, but 100 phi CPZ markedly reduced hlDA formation and LDH leakage in kidney slices exposed to 2 m5r t-BH. The (3 m\i) t-BH-induced hlDA generation in the liver slices was significantly reduced by CPZ (30-100 p i ) . but there was no reduction in LDH leakage. CPZ did not protect thiol depletion caused by t-BH, but CPZ by itself depleted GSH.
CPZ (100 phl) significantly reduced lipid peroxidation and LDH leakage in kidney slices. Interestingly, even though 30-100 pht CPZ had reduced MDA generation in the liver slices, there was no significant reduction in LDH leakage. Liver tissues are more susceptible than kidney tissues to oxidative damage induced by t-BH. hlicromolar levels of CPZ reduce lipid peroxidation induced by t-BH in rat kidney and liver slices.
This work was supported by funding from HEFCE and in part by the British Council. Acute exposure to traditional herbal remedies containing the diterpenoid atractyloside (ATR) causes fatal renal and hepatic necrosis 61 vivo in animals and humans. Because the mechanism of injury has not been fully investigated, there is no rational basis by which to limit the toxic effects. In addition to ATR causing toxicity in pigs in r-ivo, both the porcine kidney and liver are structurally and functionally almost identical to that of humans, and the use of this organ offers a surrogate that may be relevant to human toxicity.
Tissue slices from male domestic pig liver and kidney have now been used to fully understand thc mcchanisni of ATR injury. Slices (200 5 15 pm) were incubated with ATR (0.2-2.0 mai) for 3 hr at 37°C. Cytotoxicity was assessed by changes in reduced glutathione (GSH) content and formation of malondialdchydc; mitochondrial reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltertazolium bromide (MTT) to formazan; the release of alkaline phosphatase (APL) and lactate dehydrogenase (LDH); and pyruvate-stimulated gluconeogenesis. There was a small decrease in mitochondrial reduction of MTT to formazan in kidney slices, which was significant at 2 2 mai, but no changes in liver slices. ATR caused a marked leakage of lactate LDH and ALP from kidney slices at all concentrations, but only LDH was significantly elevated in liver slices.
ATR-inhibited pyruvate stimulated gluconeogenesis in both liver and kidney slices in a concentration-and time-dependent manner. ATR at a concentration 20.5 mai caused a significant increase in lipid peroxidation, but only in liver slices. By contrast, ATR at a concentration 20.2 mar caused a marked depletion of GSH, but only in kidney slices.
Several criteria showed kidney slices to be more sensitive to ATR than liver. Significant lipid peroxidation occurred only in liver (ATR 2 0.5 mu), and GSH depletion (ATR 2 0.2 mai) only in kidney. This suggests that there arc basic mechanistic differences in the mode of toxicity in liver and kidney tissues. Precision-cut tissue slices provide a suitable model to differentiate organ-specific toxicity from the same animal under similar conditions and offers the potential to screen for appropriate antidotes. Ingestion of atractyloside (ATR), a diterpenoid glycoside present in many plants used for ethnomedicines, causes acute fatal renal damage in animals and humans. However, the mechanism by which it induces specific damage in the kidney is not well understood. An understanding of the molecular basis of toxic injury induced by ATR will help identify the mechanism associated with nephrotoxicity, as well as provide the basis for developing rational antidotes and clinical management. Renal cortical slices isolated from the kidneys of male Wistar rats were used as an in tfrro model for studying the nephrotoxic and metabolic alterations induced by ATR.
Precision-cut renal cortical slices (200 2 15 pm) were incubated with ATR (0.2-2.0 mai) for 3 hr at 37°C and changes in lipid profile and pyruvate-stimulated gluconeogenesis investigated. Lipid perioxidative changes and reduced glutathione (GSH) content were also monitored. The release of lactate dehydrogenase (LDH), a cytosolic enzyme, and alkaline phosphatase (APL) originating from the brush border; accumulation of p-aminohippurate (PAH); and mitochondrial reduction of 3-(4,5-dimethylthiazol-2 yl)-2,5-diphenyltetrazolium bromide (hlTT) to formazan were also assessed. Lipid changes in slices were assessed before and after exposure to different concentrations of ATR using methanol : chloroform extracts of the tissue, aliquots of which were separated on silica gel plates using high-performance thin layer chromatography and assessed by in sirit scanning densitometry.
ATR caused a significant and dose-related increase in phospholipids and cholesterol and similarly inhibited pyruvate-stimulated gluconeogenesis in a concentration-and time-dependent manner. PAH accumulation was significantly 0, < 0.05) inhibited at an ATR concentration 20.2 m i . This inhibition was dose related and time dependent. There was a small decrease in mitochondrial reduction of h l l T to formazan which was significant at 2 2 mat. ATR caused a marked leakage of lactate dehydrogenase and alkaline phosphatase at all concentrations. ATR at a concentration 20.5 mai caused a marked depletion of GSH, but no changes in lipid peroxidation.
These results suggest that toxicity produced in virro is representative of in vivo nephrotoxicity. Nephrotoxicity is one of the most important effects of the diterpenoid glycosides found in many plants distributed in Africa and along the Mediterranean. The consumption of plants containing the diterpenoid, atractyloside (ATR). cause selective proximal tubule injury, renal failure, and death in humans. The mechanism of injury is uncertain.
The susceptibility of renal cell types to ATR was investigated in tifro in a suspension of freshly isolated rat renal proximal tubular fragments (PT), glomeruli (Glom), and precision-cut renal cortical slices (RCS). Fragments were separated by differential sieving, and precision-cut tissue slices (200 2 15 pm) were prepared from cylindrical cores (8 mm diameter) in a Krumdieck tissue slicer in ice-cold phosphate-buffered saline (PBS) containing 0.1% agarose. The slices were preincubated in 24-well plates for 1 hr in phenol-red-free Dulbecco's modified Eagles medium (DXIEhl-F12) at 37°C on an orbital shaker.
The three different cellular systems were exposed to 0.01-2.0 mai ATR. Cytotoxicity was assessed by the leakage of alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) into the medium, and oxidative damage was assessed by measuring the lipid peroxidation product malondialdehyde (MDA). ATR caused a dose-dependent increase in LDH leakage (in PT >0.02 m\i and RCS >0.2 m\i) and an increase in hlDA production (in both PT and CS >0.5 mv), respectively. However, no significant leakage of enzyme was detected in Glom up to 0.5 m\i ATR.
Enzyme leakage was the most sensitive of the markers of cell injury in fresh fragments. As little as 0.02 m\i ATR caused significant enzyme leakage from PT, but there were no increases in enzyme leakage from Glom up to 0.5 m\i ATR. hlalondialdehyde production was significantly elevated at 1 m\r ATR for PT and 0.5 mai for Glom.
These results demonstrate a direct dose-dependent toxic effect of ATR, directed primarily against PT. Fragments and slices are similarly sensitive to ATR, and LDH leakage is the most sensitive end point. By contrast, glomeruli are resistant to ATR effects. These proximal tubule and cortical slices provide complementary systems for studying the mechanism of ATR-induced nephrotoxicity and from which it will be possible to develop protective strategies of clinical relevance to poisoned humans. Retinoids have therapeutic value in dermatology, oncology, and immune modulation due to effects on cellular growth and differentiation. The purpose of this study was to evaluate the effects of 9-cis-retinoic acid (9-cis-RA) on established N-nitroso-N-methylurea (NMU)-induced mammary tumors in rats. hlammary tumors were induced in female Sprague-Dawley rats at -50 days of age with a single intravenous administration of NMU. When palpable tumors were observed at 54 days postexposure. rats \\.'ere randomly allocated for treatment with vehicle (peanut oil) or 9-cis-RA at 100 mg/kg/day intraperitoneally on study days 0, 1.2.3, and 9. Seven rats from each group were necropsied and tumors were collected for histopathologic evaluation on study days 1, 2, 4, 7, and 10. Additional tumor sections were stained immunohistochemically for apoptotic cells and for PCNA. Treatment with 9-cis-RA resulted in reduction of tumor size and weight corresponding with a progressive increase in tumor cell differentiation. Tumors from control rats had a variety of morphologic appearances including cribiform, alveolarhbular, comedo, and papillary types; however, all were diagnosed as adenocarcinoma. Tumors from rats treated with 9-cis-RA had decreased cellular plcomorphism and fewer cell layers lining tubules and alveoli. Mitosis was decreased and apoptosis was increased in tumors from rats treated with 9-cis-RA. Increased apoptosis, apparent after the first dose of 9-cis-RA, was most apparent during study days 1-4. The antincoplastic effects of 9-cic-RA were acco'mpanied by alopecia, conjunctivitis, and an -10% reversible reduction in body weight.
In conclusion, administration of 9-cis-RA at 100 mgkg caused a profound increase in apoptosis and cellular differentiation in NMU-induced mammary tumors with limited, reversible toxicity. Leucomalachite green is the reduced form of malachite green, an antifungal agent used in commercial fish hatcheries. Female B6C3F1 mice were fed leucomalachite green at 0, 290, 580, or 1,160 ppm (8 mice per group) in a 28-day dose range-finding study. Mice were placed on study at 6-7 wk of age. All mice fed 1,160 ppm leucomalachite green had scattered dead or degenerate cells in the transitional epithelium of the urinary bladder. Many of these cells lacked nuclei; when visible, nuclei were condensed or fragmented, suggesting apoptosis. Careful examination of sections revealed that many apparently apoptotic cells were actually contained within phagocytic vacuoles inside viable epithelial cells. Individual cell death was not accompanied by inflammatory changes. With both the TUNEL and ISEL techniques, the cytoplasm of apparently apoptotic cells was moderately positive for the presence of DNA fragments, and condensed nuclei stained intensely for DNA fragmentation. These observations are consistent with apoptosis of transitional epithelium of the urinary bladder, with subsequent phagocytosis of apoptotic fragments by surrounding epithelial cells. Similar changes were not seen in transitional epithelium of the bladders of mice fed 0, 290, or 580 ppm leucomalachite green. Our findings suggest that leucomalachite green or its metabolites are excreted in and may be concentrated in urine in female mice. Studies of proliferating cell nuclear antigen protein levels and histone mRNA levels are underway to determine the effect of leucomalachite green on proliferation of urinary bladder epithelium. Toxicity studies in rats and dogs have been conducted with the structurally closely related receptor tyrosine kinase inhibitors CEP-2563, CEP-751, and CEP-701 as part of a development program of potential anticancer therapeutic agents. hlucosal epithelial changes were observed in these studies involving bile duct, urinary bladder, and gastrointestinal (GI) tract. In I-mo iv studies with CEP-2563, hyperplasia of urinary bladder epithelium was seen in rats, and hyperplasia of gall bladder and bile duct epithelium was observed in dogs. These changes were found to be fully or partially reversible after a 1-mo recovery period. In 5-and 10-day oral studies in rats of CEP-2563, CEP-751, and CEP-701, alterations of GI mucosa were observed. In the small intestine, these changes were characterized as an irregular clustering of surface enterocytes, particularly at the tips of villi. However, areas of apparent dysplasia were also observed. In the intestinal crypts, epithelial hyperplasia was seen. Hypcrplasia of stratified squamous epithelium in the nonglandular stomach was also observed in some rats. In extrahepatic bile ducts, epithelial cell clustering was observed in a few rats with each compound. Although no investigations of mechanism have been conducted, these changes appear to be consistent with some alteration of growth control in epithelial tissues. This would not be unexpected due to the involvement of tyrosine kinases in cell cycle and growth control.
Apoptosis of Urinary Bladder Epithelium in
Cell Proliferation a n d a2u-Globulin Xephropathy in F311 Rat Kid- Aliphatic ethers such as ethyl r-butyl ether (ETBE) and r-amyl methyl ether (TAME) have been used or are proposed for use in gasoline to increase oxygen content and octane rating and to decrease carbon monoxide emissions. Studies with a structurally related aliphatic ether, methyl r-butyl ether (MTBE), showed that hlTBE induced a2u-globulin nephropathy. The effects of ETBE and TAhlE were examined in F344 rat kidneys. Male and female F 344 rats were exposed by inhalation 6 hdday 5 days/wk to air or to 500, 1,750, or 5,000 ppm ETBE or 250, 1,500, or 3,500 ppm TAME. Rats were necropsied after 4 days or 4 or 13 wk of exposure. Osmotic pumps containing bromodeoxyuridine (BrdU) were implanted subcutaneously 3.5 days before necropsy. Rat kidneys were examined after hematoxylin and eosin staining, BrdU immunohistochemistry, Mallory's Heidenhain staining. and a2u-globulin immunohistochemistry. Kidneys from male rats treated with ETBE or TAME had increased nephropathy, S-phase labeling, and protein droplet accumulation. The protein droplets were immunoreactive for a2u-globulin. Kidneys from ETBE-or TAME-treated female rats were unaffected. Observed induction of nephropathy, regenerative foci, protein droplet accumulation, and a2u-globulin immunoreactivity indicate that ETBE and TAME cause male-rat-specific renal toxicity associated with a2u-globulin accumulation. These effects were similar to those reported for unleaded gasoline and MTBE where male rat kidney tumors associated with a2u-globulin nephropathy were reported after chronic exposure. Male rat kidney tumors that arise associated with the male-ratspecific a2u-globulin nephropathy are not relevant for human health risk assessment. This work was sponsored by A R C 0 Chemical Co. and TAME Consortium. Structurally related aliphatic ethers, including methyl r-butyl ether (MTBE) and ethyl t-butyl ether (ETBE), and r-butyl alcohol (TBA), a major metabolite of MTBE and ETBE, are approved for use as gasoline additives to increase the oxygen content of gasoline and decrease carbon monoxide emissions. Although carcinogenicity bioassays have not been conducted for ETBE, exposure to MTBE or TBA in chronic bioassays caused an increased incidence of renal tumors in male but not female rats. A number of chemicals that induce male-rat-specific renal tumors also cause a syndrome unique to male rats referred to as a2u-globulin nephropathy (a2u-N). Following chemical exposure, a2u accumulates in the proximal tubule epithelial cells of the kidney, resulting in protein droplet accumulation, single cell necrosis, and enhanced renal cell proliferation associated with a low incidence of renal tumors. Following inhalation exposure to MTBE, ETBE, or TBA, kidneys from male F344 rats demonstrated increased necrosis and protein droplet accumulation in the proximal tubule and enhanced renal epithelial cell proliferation. Additionally, a2u immunohistochemical staining of male rat kidney demonstrated the presence of a2u within the protein droplets. No significant changes were observed in kidneys from MTBE-. ETBE-, or TBA-treated female rats for any of these responses. These findings suggest that a2u-N is a common mechanism for renal toxicity in male rats exposed to aliphatic ethers and TBA and that male-rat-specific renal tumors, as seen with hlTBE and TBA, appear to be associated with a2u-N. If these male rat-specific renal tumors are mediated through the a2u-N mechanism. and not through any other mechanism, then the renal tumor data for these chemicals would not be relevant for human risk assessment.
Induction of a2u-Globulin Nephropathy in RIale
This work was sponsored by the Oxygenated Fuels Association and A R C 0 Chemical Co. An important factor to establish when exploring the pathogenesis of gastrointestinal toxicity due to nonsteroidal anti-inflammatory drugs (NSAIDs) is the time frame at which degenerative changes occur at the cellular level, before gross lesions are visible. CI-987 is a novel cyclooxygenase and lipoxygenase inhibitor which produces duodenal ulcers in the rat. A single intragastric dose of 450 mglkg of CI-987 was administered to 9 groups of 7 male Wistar rats. Groups of animals were euthanatized at 30 min, 1. 2, 4, 8. 12, 16, 24 . or 48 hr after dosing.
Four groups of vehicle control animals (3/group) were euthanatized at either 2, 4, 24, or 48 hr after dosing. At necropsy, animals were deeply anesthetized and systemically pcrfused. Degenerative changes in the proximal duodenal mucosa were present ultrastructurally within 30 min following treatment and were confined to the brush border and cytoplasm of apical enterocytes for the initial 2 hr. Increased apoptosis within the lamina propria was seen beginning 1 hr postadministration. Selected species of fish from a contaminated swamp, Devil's Swamp, in the Mississippi River Basin were evaluated histologically. Devil's Swamp contaminants are predominantly organic compounds, such as hexachlorobenzene, hexachlorobutadiene, polychlorinated biphenyls, and a variety of heavy metals. The control site was a nearby swamp, Tunica Swamp. Fish were caught by electroshocker and necropsied and various organs were fixed in 10% neutral buffercd formalin and processed for histopathologic evaluation. The predominant lesion observed in the kidneys of smallmouth buffalo (Icriobus bubahrs), bigmouth buffalo (Icriobirs cjprirzelhrs), gizard shad (Dorosornn cepediariwn), largemouth bass (Microptents snlrnoides), stripcd mullet (Mugil ~ephdits). and ictalurid species was hyaline droplet nephropathy. Hyaline droplet nephropathy was observed in fish from both Devil's and Tunica Swamps. Other lesions observed in these species were mesangial sclerosis, edema or exudate in the Bowman's space, cystic tubules, tubular casts. tubular necrosis, and parasitism. Evaluation of species-specific prevalence of hyaline droplet nephropathy and other renal lesions is currently in progress to determine the relevance to ecological risk assessment.
Supported in part by a grant from the Department of Energy.
Renal Lesions Associated with Subacute Administration of Naprox- Naproxen and naproxen sodium (NS) are commonly used nonsteroidal anti-inflammatory drugs (NSAIDS). Although there are numerous reports describing the effects of naproxen andlor NS in rodents and humans, little has been published on their effects in nonhuman primates. To assess systemic toxicity, cynomolgus monkeys (rl.lucncafoJcicirlaris) were administered NS by gavage at daily doses of 44, 88, or 176 m g k g for 14 days or at a daily dose of 44 m g k g for 37 days. Minimal to mild renal azotemia was observed in all dose groups. Absolute and relative kidney weights were higher than controls in 1 of 2 males and 1 of 2 females receiving 176 m g k g NS for 14 days and in 1 of 4 males and 2 of 4 females receiving 44 m g k g NS for 37 days. Following 14 days of exposure, NS-related microscopic changes were dose related and consisted of acute tubulointerstitial nephritis, tubular dilatation, tubular casts, interstitial edema in the medulla and medullary rays, and intratubular nonbirefringent crystalline to amorphous material. Microscopic kidney changes from monkeys administered NS for 37 days were generally similar except that inflammatory changes were more chronic. The kidney is a well-known target organ of NSAIDs. However, the only report of naproxen administration to the nonhuman primates (species not specified) indicated that daily oral doses of up to 120 mglkg for 6 mo did not result in any renal lesions. The increased toxicity noted in the present study may be related to increased aqueous solubility of the sodium salt form of naproxen and/or to species differences in the response to NSAIDs. The NS-related changes in the cynomolgus monkeys were similar to some of thc NSAID-associated kidney changes observed in humans who develop renal disease following NSAID therapy. Thus, the cynoniolgus monkey may represent a useful model to study the effects of NSAIDs on the kidney. Transgenic (T26) mice bearing the envelope, regulatory, and accessory genes of human immunodeficiency virus-1 (HIV-1) develop nephrotic syndrome and glomerulosclerosis, which closely resembles that observed in human HIV-associated nephropathy. We examined the effects of our angiotensin-converting enzyme inhibitor, captopril. on renal function and structure in wild-type and T26 mice. Animals (n = 2Wgroup) were treated from 7 to 100 days of age with either vehicle or captopril (30 or 100 mgkglday) in the drinking water. Blood and urine were collected at 40, SO, and 100 days of age; kidneys were obtained at 100 days of age. Glomeruli were graded, without knowledge of treatment, as to severity of injury and percentage of glomerular involvement. Captopril, at both doses, decreased mortality and had desirable effects on renal function and structure in T26 mice. Mortality was significantly lower in captopril-treated T26 mice (8-1270) than in vehicle-treated T26 mice (52%). The urinary proteinlcreatinine ratio was significantly increased at each time point in vehicle-treated T26 mice compared to either the vehicle-treated wild-type mice or captopril-treated T26 mice. Plasma creatinine and BUN were also significantly elevated in vehicle-treated T26 mice compared to vehicle-treated wild-type mice or captopril-treated T26 mice. Focal and segmental glonierulosclerosis was the predominant histopathologic change observed in T26 mice; additional changes included tubular microcysts and cast formation. Glomerular injury was significantly increased in vehicle-treated T26 mice compared to vehicle-treated wild-type mice or captopril-treated T 2 G mice. These results indicate that angiotensin or an angiotensin converting enzyme substrate is an important mediator in this model of HIV-associated nephropathy. Ro 25-8315 is a polyethylene glycol (pegylated) conjugate of recombinant granulocyte colony-stimulating factor mutein (G-CSF mutein). Two-and 4-wk studies were conducted to assess the toxicity of Ro 25-8315 in rats. In both studies, male and female rats were dosed subcutaneously twice weekly. Doses in the 2-wk study were 0 (vehicle), 0.015, 0.1, 0.5, or 2.5 mg of Ro 25-8315lkgldose and in the 4-week study were 0 (vehicle), 0.025, 0.25, or 2.5 mg of Ro 25-8315kg/dose.
In both studies, administration of Ro 25-8315 to rats resulted in doseand time-dependent increases in total white blood cells (leukocytosis); minimal decreases in HCB, HCT, and red blood cells with minimal increases in mean corpuscular volume, mean corpuscular hemoglobin, and RD\V and niininial decreases in platelet counts. Neutrophilia with a slight lymphocytosis was the primary cause of the leukocytosis. Assessment of marrow cytology indicated a marked, dose-related relative increase in myeloid cells with a relative decrease in erythroid and lymphoid cells. Clinical chemistry findings included slight to marked increases in SAP. GGT, alanine aminotransferase, and aspartate aminotransferase. Histologic changes included dose-related increases in granulopoiesis of the bone marrow, extramedullary granulopoiesis of the spleen and liver, and increased osteoclastic bone resorption and osteoblastic hyperplasia. Granulopoiesis was characterized by a dose-related increase in the size and number of granulocytic colonies. It was concluded from these studies that administration of Ro 25-8315 to rats caused dose-related proliferation of myeloid cells (granulocytes), primarily in the bone nimow. This was reflected by a dose-and timedependent leukocytosis, principally due to increased numbers of mature (segmented) neutrophils, immature neutrophils, and lymphocytes. These results are consistent with those previously reported in rats treated daily with G-CSF (filgrastim). In juvenile animals, development of arthropathy is a well-documented effect produced by all quinolones that have been tested; however, the significance of these findings for the treatment of children remains unclear. Nalidixic acid, for example, was found to cause significant arthropathy in beagle puppies at a dose that is only half of that approved for treatment of children. Collectively, reports from various multipatient studies have described use of ciprofloxacin, nalidixic acid, norfloxacin, or ofloxacin in over 8,000 skeletally immature patients without occurrence of arthralgia beyond the level expected as a result of the underlying disease. Our comprehensive review of available data leads to the conclusion that quinolone arthropathy, as described in juvenile animals, has up to this date not found a convincing correlate in the clinical use of these compounds in children and adolescents. We conclude that it is ethically justifiable to allow prospective studies of selected quinolone agents in children. Insulin-like growth factor I (IGF-I) is a multifunctional hormone that has been demonstrated to have a variety of renal actions and is thought to play a role in renal repair following injury. Activity of IGF-I is controlled by a complex system that includes the IGF-I receptor and 6 IGF-binding proteins (IGFBP). Previous studies using in sirrr hybridization have demonstrated a complex heterogeneity of IGFBP gene expression in the normal kidney, suggesting that the various IGFBP have diverse modulatory effects on the action of IGF-I. Northern blot analysis of the levels of IGFBP gene expression following ischemic injury in the rat have shown that IGFBP-I is the only IGFBP to have increased gene expression following this type of injury; expression of IGFBP-I1 to -V is decrcascd. The purpose of this study was to identify the cellular localization of IGFBP-I expression following unilateral renal vascular occlusion in the rat for 30 min. The contralateral control kidney served as the normal control for each animal. Four animals were sacrificed at 1, 2, and 7 days following ischemic injury. As has been demonstrated previously, IGFBP-I expression in the normal kidney was confined to cells within the distal convoluted tubules (DCT) and the thick ascending limb of Henle. Expression of IGFBP-I in the renal cortex was restricted to the DCT at day 1 in the ischemic kidney; however, many regenerative proximal convoluted tubules (PCT) were positive for IGFBP-I expression by day 2. Expression remained elevated in the renal cortex through the day 7 time point and was localized to both DCT and PCT. Immunohistochemistry confirmed this localization. These results showed a change in the pattern of cellular localization of IGFBP-I following renal injury. Further studies to elucidate the relationship of IGF-I and IGF-R expression in this model are underway. Dietary phosphate (Pi) restriction is beneficial in slowing the progression of chronic renal failure (CRF) in animals and selective inhibition of Na-dependent Pi transport may have therapeutic utility in CRE Recently a Na-Pi cotransport system of rat kidney cortex (NaPi-2) has been identified by expression cloning, and NaPi-2-related mRNA and protein expression has been observed in the brush border membranes (BBM) of microdissected rat proximal tubules. Furthermore, rats fed a Pi-deficient diet demonstrated a 2-fold increase in renal cortical NaPi-2 mRNA and a 5-fold increase in BBM NaPi-2 protein. The purpose of the present study was to localize renal NaPi-2 expression by in sirit hybridization in rats fed a low (0.07%) or normal (0.7%) Pi diet for 5 days. The in siru hybridization protocol included design and synthesis of NaPi-2 gene-specific primers, use of polymerase chain reaction (PCR) to generate a cDNA template with attached T7 or T3 RNA polymerase promoter sequences, and synthesis of 33P-labeled antisense or sense riboprobes. (1). Antisense NaPi-2 mRNA expression in kidneys from rats fed control Pi diet was localized exclusively to proximal tubules, with no expression in glomeruli or distal nephron segments. Antisense NaPi-2 mRNA expression in proximal tubules from rats fed low Pi diet was markedly increased compared to controls, confirming upregulation of proximal tubular NaPi-2 gene expression during adaptation to low dietary Pi. , an organophosphate pesticide, is used in controlling the pests of variety of crops. In order to understand the mechanism of the metabolic basis of toxicity of QP it was thought pertinent to study the role of cytochrome P-450 and antioxidant enzyme systems. Albino rats treated with QP (0.52 and 1.03 m a g body weight) orally for 60 days showed significant decrease in body, brain, and liver weights. Hepatic P-450 content and its dependent monooxygenases viz. x y l hydrocarbon hydroxylase, ethoxyresomfin-U-deethylase were induced to 1.8 to 2.5-fold following QP (1.03 m a g ) treatment to animals. The hepatic antioxidant defence system comprising of catalase, GSH reductase SUperoxide dismutase, and GSH peroxidase were also significantly increased in QP-treated animals, whereas in brain, only catalase was increased and GSH reductase decreased. There was no significant change in hepatic GSH content and lipid peroxidase levels in QP-treated animals at any dose group in comparison to the control group. Pretreatment of rats with phenobarbitone (PB) or 3-methylchol-anthrcne (hlC) (P-450 inducer) prevented mortality caused by QP, whereas pretreatment with cobalt chloride (P-450 inhibitor) enhanced mortality rate to 100% in 2-3 days. It can be infcrrcd from the above study that the toxicity of QP may be attributed to the parent compound itself and not to it metabolites.
